The purpose of this investigation was to determine the differences between halves in the most demanding passages of play in football players according to playing position and duration-specific activity. Global positioning system data were collected from twenty-three football players from a reserve squad of the Spanish La Liga. A total of 265 individual match half data were analysed across the competitive season. Players were categorised based on positional groups: full-back (FB), central defender (CD), midfielder (MF), offensive midfielder (OMF) and forwards (FW). The most demanding passage of match play was analysed using a rolling average method, where maximal values were calculated for five different time durations (1, 3, 5, 10 min and half completed) using distance (m·min -1 ), high metabolic load distance (HMLD; m·min -1 ) and average metabolic power (AMP; W·kg -1 ) as variables of interest. The differences between the first and second half increased as the rolling duration increased, reaching the greatest difference between halves in the complete half (45 min) in all the variables studied (ES = 0.54 ± 0.15, 0.75 ± 0.15 and 0.76 ± 0.15 in distance, HMLD and AMP). The CDs were the players that presented the greatest differences, and it was in the AMP variable where the greatest differences between the first and second half were found. Large decreases in AMP were found for CD (ES = -1.30 ± 0.36) and moderate decreases were found in AMP for FB (ES = -0.84 ± 0.30) and OMF (ES = -0.78 ± 0.37). These results provide insight into the most demanding passages of play to inform training practices for specific football playing positions. CITATION: Casamichana D, Castellano J, Gómez Díaz A et al. The most demanding passages of play in football competition: a comparison between halves. Biol Sport. 2019;36(3):233-240. Although the most common time-motion analysis has been the study of the average demands imposed on the soccer player, in recent years attention has been devoted to the most demanding passage of match play [12-13]. Studies initially examined periods of fixed du-
INTRODUCTION
The analysis of soccer competition is one of the most common research topics in the last decades [1] [2] . One of the purposes of time-motion analyses is to provide information that allows appropriate management of training intensity. Thus, match-play activity can serve as a guide or reference when proposing training activities [3] [4] .
The comparison of activity between the first and second half of a competition has been performed in different research studies [5] [6] .
Previous studies [5] [6] [7] have reported that greater distance is covered during the first half of the match compared to the second half, although the results are not entirely consistent [8] [9] . These inconsistent findings may reflect the interaction of other variables such as research designs, instruments, analytic techniques [10] or particular contextual dynamics (e.g. due to situational variables) of each game [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
The most demanding passages of play in football competition: a comparison between halves (13 wins, 15 losses, 9 draws , final position 11 th ). Each match was 90 min in duration (two 45-min halves). Players were grouped according to their playing position, as central defenders (CD: n=3; 49 records), fullbacks (FB: n=5; 65 records), midfielders (MF: n = 3; 44 records), offensive midfielders (OMF: n= 5; 48 records) and forwards (FW: n=7; 59 records). The mean (± SD) number of observations per player was 11.5 ± 6.4. A total of 265 observations were recorded from each half.
Activity Profile
The activity profile of players was monitored during each official match using a portable 10 Hz GPS unit (Viper Pod, 50 g, 88 x 33 mm, Statsports Viper, Northern Ireland) as used in previous studies [25] [26] . The accuracy of these devices has been studied recently, with 2.53 ± 6.03% estimation error for distance covered, with accuracy (%) improving as the distance covered increased and the speed of movement decreased [27] . In order to avoid interunit error, each player trained with the same GPS device during the whole study period [28] [29] . The GPS model used in this study was worn in a purpose-designed vest, inside a mini pocket positioned in the centre area of the upper back, just above the shoulder blades, and thus not affecting mobility of the upper limbs and torso.
Upon completion of each match, GPS data were extracted using the appropriate proprietary software (Viper, Statsports, Ireland). The team systematically played in a 1-4-3-3 formation, with a goalkeeper, two FB, two CD, a MF, two OMF and three FW. Goalkeepers were not included in the analysis.
Procedures
The STATSports software (Version 1.2) was used for the computation of a moving average over each variable of interest (distance, high metabolic load distance [HMLD] and average metabolic power [AMP]), are differences among playing positions for the most demanding passage of match play, or if different activity durations and locomotor variables or the results alter across the course of a match (e.g. between the first and the second half).
The purpose of this study was to investigate the most demanding passages of match play in a football competition according to playing position, variable criteria and using varying moving average durations. We also examined whether the most demanding passages of match play differed between the first and second half. The results of the study will provide insight into the most demanding passages of football match play in order to develop appropriate training strategies to adequately prepare players for competition.
MATERIALS AND METHODS

Experimental Approach to the Problem
In order to establish the differences between halves and among playing positions for the most demanding passage of match play, global positioning system (GPS) data were collected during the 2016-2017 competitive season. Different GPS variables were used, along with different moving average durations. Prior to the commencement of the study, all subjects were informed of the aims and requirements of the research, and informed consent was obtained.
The study conformed to the recommendations of the Declaration of Helsinki [24] .
Subjects
Twenty-three professional football players participated in this study (age: 20.8 ± 1.8 years, mass: 70.5 ± 6.7 kg and stature: This method allowed the computation of a number of output variables for each player, including distance (m·min -1 ), high metabolic load distance (HMLD; m·min -1 ) and average metabolic power (AMP; W·kg -1 ). Distance was representative of the traditional model, where accelerated running is ignored [16] . Composite variables combining multiple physical factors were also considered. The high metabolic load distance (HMLD) sums up high-speed running distance (>14.4 km·h -1 ) and also includes the distance covered when the player is involved in high acceleration/deceleration activities (set by the manufacturer at >2 m·s -2 by default). HMLD represents the indicator presents some controversy in the literature [31] [32] , although it has been validated in different studies [31] [32] [33] .
Statistical Analysis
The data are presented as means and standard deviations (mean ±SD).
Magnitude-based inferences and precision of estimation were used to analyse the data [34] . Prior to the comparisons, all processed variables were log-transformed to reduce the non-uniformity of error.
Differences between halves (1st half and 2nd half) were assessed via standardized mean differences (Cohen's d) and respective 90% distance covered (m) by a player when their metabolic power (energy consumption per kilogram per second) is above the value of 25.5 W·kg -1 . It can provide additional information on the total highintensity activities of players who are not regularly involved in highspeed running but which include short accelerations and braking [30] .
The average metabolic power (AMP) represents a theoretical approximation of the energy cost of team sports where in addition to the speed of running, the energetic cost of accelerating and decelerating is considered [31] . This variable is an estimate of the metabolic demands of running only (i.e. not kicking or jumping). This Figure 1 shows the mean ± SD distance (m·min -1 ), HMLD (m·min -1 ) and AMP (W·kg -1 ) values for pooled soccer players in the five analyzed Table 1 shows the mean ± SD distance (m·min -1 ) values for the specific positions in the game, including the standardized differences As the duration of the temporal window increases, the differences between the activity of the first and the second half also increase. Several factors could affect such results, such as effective playing time, the time in which the ball is in play excluding regulatory infractions and when the ball goes outside the limits of the playing field . These, and possibly other contextual factors could all affect locomotor activity of the players as observed previously in different game formats [37] . Fatigue may cause a decrease in activity over longer periods of time, but would be expected to have less effect on short yet demanding passages of play. That is, the possible fatigue and effective playing time could have a greater impact on the activity of the player as the time window is extended, without affecting the periods of short duration (1 minute).
RESULTS
Traditionally the activity of players has been studied across both halves or the entire match, with the knowledge that this activity is position-dependent [1] [2] . More recently, it has also been observed that the activity of players during the periods of maximum demand of different duration and with different variables of interest also presents significant differences depending on the position of the player [20] . The results of our study indicate that the changes that occur in activity between the most demanding passage of the first and second half are also position-dependent, with greater differences in the CD. It seems therefore that the CD, despite having lower activity during the periods of maximum demand [20] , show a greater decrease in activity during the second half. Perhaps a lower level of fitness or aspects related to the team game model could explain these results.
Numerous studies have found a decrease in activity during the second half of football matches . However, in the previous studies carried out in football, the variables studied have always been distance variables (e.g. total distance and distances covered in different speed ranges) [39] . However, distances covered may not ac- football, it seems that AMP decreases in the second half [17] .
Regarding the different variables studied in the maximum demand period, we observed that AMP was the variable that presented the greatest number of moderate and large reductions, while HMLD had the fewest reductions. Although more specific studies are required and magnitude-based inferences in the five analyzed periods of time Table 2 presents the mean ± SD values for HMLD (m·min -1 ). The Table 3 shows the mean ± SD values for AMP (W·kg 
DISCUSSION
This study compared the most demanding passage of match play performed by football players during the first and second half, taking into account playing position, the duration of the time window and the variable studied. Our findings show that irrespective of playing position and the variable studied, as the duration of intervals increase, differences between the first and second half also increase.
To our knowledge, no study has made the comparison between the most demanding passages of match play in different halves of Positional demands in soccer in this regard, the findings of our study suggest that AMP could be a variable sensitive to the decreases in activity that occur during football match play. Having specific knowledge of the variable and time duration most affected by fatigue would allow strength and conditioning coaches to implement training strategies to optimize performance and establish appropriate protocols to facilitate recovery [40] [41] .
A limitation of our study is that we are unable to provide kinematic information on how each of the values was achieved. Since in football the activity of the player is multidirectional, multidimensional and iterative, a detailed description of the activity performed by players, and the context [42] , during these most demanding passage of match play would be of interest to managers, fitness coaches and team medical staff. For example, two players could obtain the same AMP (W·kg -1 ) values over a given period of time, but the activity performed by the players may be very different (in one case, based on actions performed at high speed, and in another case by acceleration and deceleration actions). An understanding of the scenarios that create the maximum demands may provide greater insight into the possible causes of transient fatigue that occurs during match play.
CONCLUSIONS
The activities that a football player performs are multidimensional;
it is therefore necessary to consider the activities that comprise the most demanding passages of match play for specific playing positions.
Although the differences between the most demanding passages are trivial or unclear when short time windows are considered (e.g., 1 and 3 min), as the activity duration becomes larger, larger differences emerge between the first second half.
PRACTICAL APPLICATIONS
Our data should help coaches to design training situations, such as specific Small-Sided Games (SSG) , that replicate and even surpass the most demanding passages of match play, that is, proposing constraints to SSG in order to achieve desired intensities [43, 44] , while also respecting the nature and specificity of the sport. This should allow the coaching staff to consider the need to implement interventions in training that prevent this decline in performance.
